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The  usual  apprc  system 

desigr.  often  fai]         active.,  sometimes  cr: 

proble  ive. 

Such  f  : 

standing,  from  us« 

inadequate  or  Simproper  treatment  of  the  human  d- 

makiog  elements  of  the  system,.  Examples  drawn  from 

Industrial  Dynamics  research  studies  illustrate  these 

problems  and  provide  scsce  points 

difficulties. 


I  o     JM  Organization,  as,  a  Control  System 

Every  organization  is  a  control  system.  Each  has 

whether  explicit  or  implied,  Each  lias  beliefs  a3  1 
status .  Each  has  policies  and  procedures  whereby  it  rea*. 
and  takes  actions  to  attain  its  goals  more  closely.,  Every  organize 
actually  contains  a  myriad  of  smaller  control  systems,  each  chaj 
by  the  same  goal-striving,  but  not  necessarily  goal -attaining., 

The  organization  as  a  whole  or  any  one  of  its  component  subsystems 
can  be  represented  by  the  feedback  process  shown  in  Figure 
aeteristies  of  this  diagram  are  noteworthy.  First,  the  transfoi 

pesults  takes  place  through  a  complex  process  which  includes 
a  basic  structure  of  organisational,  human,  and  market  relationships;  th 
structure  is  scmetimes  not  apparent  because  of  its  numerous  sourc?; 
noise  or  random  behavior  and  due  to  its  often  lengthy  time  delays  bet 
cause  and  effect „ 

The  second  aspect  to  be  :. 

organization  t 


figure  1.  Control  System  Structure  of  Organizations 


reel  s        Ls  translated  into  the  apparent  through  information  and 
ecraiiunieation  channels  ^hich  contain  delays,  noise,  and  bias.  These 
■:•  may  be  the  inadvertent  features  of  an  organizations 
m  system,  or  they  may  result  from  the  chosen  character! i 
processing  system  vhich  sacrifices  accuracy  for  ccmpactr:-: 
bases  of  actual  decisions  in  an  organise.- 
ar  but  little  relation  to  fact, 
feature  of  the  diagram  is         ecision-mak: 

3  of  the  organi. 


Lng  behavior  is  nonethelesi 
in  all  organizations  and  .em  of  the  organizations 

of  an  organization,  many  sii       Leions  are  being 
problem  of  the  manage  designer  is  to  recogn: 

these  multiple  decision  loops  and  their  interrelationships,  and  to  dc 
policies  and  an  organizational  structure  that  will  tie  these  a< 
into  progress  towai'd  total  organization  objectives. 

The  fourth  characteristic  of  Figure  1  is  the  continuous  feec 
path  of  decisimi-results-measurement-evaluation-decision.  It  is  vii 
to  effective  system  design  that  each  element  of  this  feedback  path 
properly  treated  and  that  its  continuous  nature  be  recognized.  Whether 
oision  in  the  system  is  made  by  the  irrational  actions  or  logical 
deductions  of  a  manager  or  by  the  programmed  response  of  a  computer 

consequences,  will  eventually  have  further  effects  on  the  decision 
itself., 

II •  Industrial  Dynamics  —  Philosophy  and  Methodology  for  Control  gvgtgm 


Industrial  Dynamics  is  a  philosophy  which  asserts  that  organizations 
are  most  effectively  viewed  (and  managed)  from  this  control  system  per- 
spective .  It  is  also  a  methodology  for  designing  organizational  policy , 
This  two-pronged  approach  is  the  result  of  a  research  program  that  was 
initiated  and  directed  at  the  M.I.T.  School  of  Industrial  Management 
Professor  Jay  ¥,  Forrester „  The  results  of  the  first  five  years  of  this 
program  are  described  in  Professor  Forrester's  book,  Industrial  Dynamics, 


Industrial  Dynamics  recognJ  i  :  Btems  base  in  the  flow 

ire  of  all  social  -economic  -indui  organizat 

perspective  ties  the  segmented  functional  aspects  of  formal  organize 

an  integrated  structure  of  varying  rates  of  flow  and  responsively 
changing  levels  of  accumulation.  The  f low  paths  involve  all  facets  of 
organisational  resources  —  men,  money,  materials,  orders,  and  capital 
equipment  —  and  the  information  and  decision-making  network  that  1 
the  other  flows. 

Industrial  Dynamics  views  decisions  as  the  controllers  of  these  or- 
ganization flows.  Such  decisions  regulate  the  rate  of  change  of  levels 
from  which  the  flows  originate  and  to  which  they  are  sent*  In  the  flow 
diagrams  drawn  as  part  of  an  Industrial  Dynamics  study,  decisions  are 

■■presented  by  the  traditional  control  valve  symbol  of  the  engineer. 

e  2  shows  such  a  decision,  based  in  part  on  information  about  the. 
contents  of  the  source  level,  controlling  the  rate  of  flow  to  the  destina- 

The  system  structures  and  behavioral  phenomena  that  are  studied  by 
the  Industrial  Dynamics  methodology  are  present  at  all  levels  of 
corporation.  The  top  management  of  the  firm  is  involved  in  a  system, 
can  be  studied  and  ai         seme  manner  as  the  middle  management  of 
the  organization,  and  again  in  the  same  fashion  as  the  physical  operating 
system  of  the  plant,  The  potential  payoff  from  changes  derived 


Forrester,  Industrial  Dynamics  (Cambridge,  The  MoIoT* 
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Figure  2.  The  Decision  as  a  Controller 

systems  studies  increases  greatly,  however,  as  the  study  is  focused  higher 
up  in  the  organization,  For  all  studies  the  pattern  of  forming  a  dynamic 
verbal  theory,  developing  mathematical  equations,  computer  simulation  of 
the  model,  and  derivation  of  Improved  policies  is  followed.  The  prol 
encountered  in  these  phases  do  not  significantly  change  as  ^e  move  from 
the  bottom  to  the  top  of  an  organization.  Only  during  the  final  stag 
of  implementation  of  system  change  does  the  problem  complexity  get  sig- 
nificantly greater  the  higher  the  level  of  organization  involved  =,  But 
the  impact  of  improved  corporate-level  policy  on  company  growth,  stability, 
and  profitability  can  readily  justify  this  added  effort  to  renovate  top 
management  policy  maJd 

Problems  of  ManeafeBaat  Control  Sjrstems 
The  preceding  discussion  has  focused  on  the  nature  of  organ: 
problems  as  management  control  system  problems,  and  on  the  intended 

namics  to  these  problems.  Observation  of 
tageraent  control  systems  and  a  survey 


.at  a  new  attac 
design  is  needed o  The  ti 
systems  have  mushroomed  in  numr        Mstication  of  a        is  as 
operations  research  and  electronic  data  processing  have  develo] 
the  post-war  era.  Although  these  systems  have  made  significant  and  suc- 
cessful inroads,  many  fail  to  cure  the  problems  for  which  they  wers 
signed;  other  management  control  systems  even  amplify  the  initial  diffi- 
culties or  create  more  significant  new  problems.  All  this  is  taking  place 
even  as  we  derive  enhanced  but  misplaced  confidence  in  the  systems. 

Several  examples  will  help  to  illustrate  these  problems  and  lead  us 
to  some  findings  about  the  design  of  management  control  systems. 

Systems  Inadequate  for  Their  Problems 

Sometimes  the  management  control  system  is  inadequately  designed  for 
the  problem  situation.  In  such  a  case  the  control  system  may  imp: 
performance  in  the  trouble  area,  but  be  far  short  of  the  potential  gains. 
At  times  the  limited  effectiveness  may  transform  a  potentially  major 
benefit  to  the  company  into  but  a  marginal  application. 

4  Product  ion-.Inventory-Bmployment  Control  System 

As  an  example,  let  us  take  the  case  of  an  industrial  components 
manufacturer  who  initially  has  no  formal  product ion-inventory -employ  ■ 
control  systems.  Such  a  firm  operates  o^j   its  response  to  current  pr< 
It  follows  the  example  of  the  firemen  trying  to  use  a  leaky  hose  — 
soon  as  one  hole  is  patched  up,  another  leak'  occurs  elsewhere.  A  company 
.  •  this  manner  does  not  keep  sufficiently  close  tabs  on  changes 
in  sales,  inventories,  backlogs,  delivery  delays,  etc,  Rather,  when 


customer  complaints  build  up  on  company  delivery  performance,  people  will 
be  hired  to  increase  production  rate  and  repair  the  inventory  position. 
Similarly,  when  a  periodic  financial  report  (or  the  warehouse  manager's 
difficulties)  shows  a  great  excess  in  inventory,  workers  will  be  laid  off 
to  reduce  the  inventory  position.  Despite  the  obvious  faults,  the  majority 
of  our  manufacturing  firms  have  these  problems.  The  dynamic  behavior  of 
such  a  firm  (as  here  illustrated  by  simulation  results  of  an  Industrial 
Dynamics  model)  has  the  appearance  of  Figure  3,  with  wide  swings  in  sales, 
inventories,  employment,  order  backlog,  and  correspondingly  in  profita- 
bility. The  potential  for  a  well-designed  management  control  system  in 
such  a  firm  is  enormous. 

The  traditional  approach  (some  may  prefer  calling  it  the  "modern 
approach")  to  the  design  of  a  control  system  for  such  an  organization 
will  recognize  that:  (1)  better  information  on  sales  is  necessary; 
(2)  such  information  should  properly  be  smoothed  to  eliminate  possibili- 
ties of  factory  response  to  chance  order-rate  variations;  (3)  inventories 
should  be  periodically  (perhaps  even  continuously)  checked,  and  reorders 
generated  when  needed  to  bring  stocks  into  line  with  target  inventories; 
(4)  order  backlogs  should  not  be  allowed  to  drift  too  far  from  the  normal 
levels;  and  (5)  work  force  should  be  adjusted  to  meet  the  desired  produc- 
tion rate  that  stems  from  consideration  of  current  sales  volume  and  the 
manufacturing  backlog  situation.  Using  our  earlier  company  model,  we  can 
readily  build  into  the  model  a  management  control  system  that  incorporates 
all  these  features „  The  modeled  company  would  then  be  a  leader  in  its 
use  of  management  control  techniques.  And,  as  Figure  A  illustrates,  the 
company  would  have  benefited  by  this  approach.  With  the  new  control 


called,  fluctua 
duced  in  magnitude  as  well  as  j 

observed  in  the  earlier  diagram  is  still  present  —  periodic  fluctw 
in  sales,  larger  ones  in  inventories,  and  corresponding  variations 
production  rate  and  work  force.  The  latter  situation  is  similar  in  char- 
acter to  that  which  we  encountered  at  the  Sprague  Electric  Company,  at 
the  beginning  of  our  Industrial.  Dynamics  study  program  with  them  several 
years  ago. 

Let  us  briefly  review  their  case.  The  Sprague  Electric  Company  is 
a  major  producer  of  electrical  components,  with  an  annual  sales  volume 
of  approximately  75  million  dollars.  The  particular  product  line  which 
was  selected  for  Industrial  Dynamics  research  is  a  relatively  mature 
industrial  component,  developed  by  Sprague  several  years  ago  and  now  past 
its  market  introduction  and  major  growth  phases.  The  principal  customers 
of  the  product  are  manufacturers  of  military  and  high-grade  consumer 
electronic  systems.  The  industry  competition  is  not  price-based,  but  ' 
is  rather  dependent  on  product  reliability  and  delivery  time. 

The1  work  structure  of  the  company,  including  its  inventory  and  manu- 
facturing control  aspects,  is  diagrammed  in  Figure  5.  Orders  arrive  from 
the  customers,  and  a  determination  is  made  as  to  whether  or  not  they  can 
filled  from  existing  inventories.  Orders  for  those  catalogue  items  not 
ordinarily  stocked,  or  for  those  which  are  currently  out  of  stock,  enter 
into  the  backlog  of  manufacturing  orders.  The  customer  orders  for  which 
inventory  is  in  stock  are  processed  and  shipped  from  inventory o 

The  inventory  control  system  of  the  company  attempts  to  maintain  a 
proper  inventory  position  for  the  product  line.  Target  inventories  are 
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Figure  5.  The  Manufacturer's  Organization  Structure 


adjusted  to  take  into  account  average  sales,  and  inventory  reorders  are 
generated  to  reflect  the  shipping  rate  from  inventory  and  the  desired  in- 
ventory corrections*  The  orders  for  inventory  replacements  enter  into 
the  manufacturing  baci&ogo 

auction  rate  in  the  company  is  determined  by  the  level  of  emploj 


with  manufacturing  out 

reflection  of  the  relative  pro         -r  backlogs .  Contra* 
backlog  3i2e  and  employment  leve.:         bed  by  means  of  the  emplc 
change  decision  of  the  company. 

As  the  curves  of  Figure  4  demonstrated,  inventory,  backlog,  and  em- 
ployment all  had  sizable  fluctuations,  despite  the  existing  controls  in 
these  areas,  They  seem  to  reflect,  with  some  amplification,  the  variabil- 
ity in  incoming  orders.  Given  this  situation  of  fluctuating  sales,  the 
traditional  management  control  designer  would  either  express  satisfaction 
with  the  system  performance  or  perhaps  seek  additional  improvement  by 
parameter  adjustment.  Neither  approach  would  get  at  the  souiv 
difficulties,  and  this  source  is  not  the  fluctuations  in  incoming  customer 
orders  - 

To  determine  the  real  system  problem,  let  us  examine  our  next  diagram. 
Here  we  have  duplicated  the  manufacturer's  organization  of  Figure  5  and 
added  a  representation  of  the  customer  jector  of  the  industry..  The  cus- 
tomers receive  orders  for  military  and  commercial  electronic  systems. 
These  are  processed  through  the  engineering  departments,  resulting  in 
requirements  for  components.  Customer  orders  for  components  are  prepared 
and  released -as  demanded  by  the  delivery  lead  time  of  the  component  manu- 
facturers-. Delivered  components  enter  into  the  system  manufacturers' 
component  inventories  and  are  used  up  during  production  of  the  systems . 

Having  added  this  sector  to  our  diagram,  we  now  discover  the  presence 
of  another  feedback  loop  in  the  total  company-customer  system:  changes  in 
the  company  delivery  delay  will  affect  the  customer  release  rate  of  new 
orders,  which  in  turn  will  influence  the  company  delivery  delay.  This 
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loop  amplif ies  the  system  problems  of  the  company,  b- 

slight  variations  in  system  orders  into  sustained  oscillations  in  company 
order  rate,  producing  related  fluctuations  in  company  invei        -cklog, 
employment,  and  prof  ■ 

Let  us  follow  through  a  possible  dynamic  sequence  that  will  illue 
the  full  system  interactions .  If,  for  any  reason,  system  orders  received 
by  the  customers  temporarily  increase,  the  customers  will  soon  pass  this 
along  to  the  component  supplier  as  an  order  increase .  Since,  even  under 
ordinary  circumstances,  weekly  fluctuations  in  order  rate  to  the  component 
manufacturer  are  sizable,  some  time  will  elapse  before  this  order  rate 
change  is  noticed .  In  the  meantime,  the  component  manufacturer11  s  inventory 
will  be  somewhat  reduced,  and  the  order  backlog  will  be  increased  <,  Both 
of  these  changes  tend  to  increase  the  delivery  delay.  The  smaller  inven- 
tory allows  fewer  incoming  orders  to  be  filled  immediately;  the  larger 
backlog  causes  a  longer  delay  for  the  now  Increased  fraction  of  orders 
that  must  await  manufacture.  As  the  customers  become  aware  of  the  longer 
lead  time,  they  begin  to  order  further  ahead,  thus  maintaining  a  higher 
order  rate  and  accentuating  the  previous  trend  in  sales . 

Eventually,  the  component  manufacturer  notes  the  higher  sales,  larger 
backlog,  and  lower  inventory,  and  begins  hiring  to  increase  his  factoiy 
employment „  The  employment  level  is  set  higher  than  that  needed  to  handle 
the  current  customer  order  rate,  so  that  backlog  and  inventory  can  be 
brought  into  line*  As  the  increased  work  force  has  its  gradual  effect 
on  inventory  and  backlog,  the  changes  tend  to  reduce  the  delivery  time,, 
The  information  is  gradually  fed  back  to  the  customers,  lowering  the  order 
rate  even  below  the  initial  value.  This  set  of  system  interactions  can 


produce  order  rate  fluctuations  unrein 
the  customer  products., 

To  dampen  the  fluctuations  in  customer  order  rate,  the  component 
manufacturer  must  control  not  inventory  or  backlog  or  employment,  but 
rather  he  must  stabilize  the  factory  lead  time  for  deliveries,,  This  can 
readily  be  accomplished  once  the  nature  of  the  need  is  recognized «  S 
behavior  can  also  be  improved  to  a  great  extent  when  the  component  manu- 
facturer becomes  aware  that  his  inventory  control  system  does  not  really 
control  inventory,  but  it  does  contribute  to  production  overshoots  of  any 
change  in  orders  received. 

The  details  of  the  Sprague  case,  the  model  for  its  study,  and  the 
new  policies  now  being  implemented  at  Sprague  are  discussed  fully  in 
Chapters  17  and  18  of  Industrial-  Dynamics .  It  is  sufficient  for  our  pur- 
poses to  show  the  effects  of  the  new  policies  applied  to  the  same  situation 
shown  earlier  in  Figure  4,  The  curves  3hcwn  on  the  next  graph  demonstrate 
a  higher  degree  of  stability  achieved  in  all  variables  except  inventory, 
which  is  new  being  used  to  absorb  random  changes  in  3ales*  In  particular, 
the  employment  swings  have  been  dampened  significantly^  The  simulation 
results  forecast  significant  benefits  to  the  company  deriving  from  the 
application  of  this  new  approach  to  management  policy  design .  Our  experi- 
ences during  the  past  year  of  system  usage  at  Sprague  seem  to  stipport  the 
initial  hypotheses,  and  the  product  line  is  currently  benefiting  from 
higher  productivity,  Improved  employment  stability,  higher  and  smoother 
sales,  and  lower  inventories . 

The  Control  of  Research  and  Development  Projects 

Another  area  in  which  the  traditional  approach  to  control  system 


design  has  proven  ins.' 

fcs.  The  intangibility,  lack  cf  precise  measurements,  and  unc<~ 
of  R  and  D  results  are  partly  responsible  for 
But  a  more  basic  lack,  of  system  understanding  has  implications  of  e 
greater  significance.  All  systems  of  schedule  and/or  budget  controls 
that  have  been  tried  till  now  have  failed  to  achieve  success  in  R  and  D 
usage.  These  techniques  have  included  Gantt  charts,  milestone  scheo 
and  computerized  systems  of  budgetary  and  manpower  control. 

The  latest  approaches  to  control  of  research  and  development  projects 
are  based  on  PERT  (Program  Evaluation  Review  Technique)  or  PERT/COST.  The 
management  control  systems  implied  by  the  methods  used  can  be  represented 
by  the  diagram  of  Figure  8.  As  shown  here,  the  basis  of  the  current 
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sophisticated  methods  is  a  single-loop  system  in  which  the  difference 
between  desired  completion  date  and  projected  completion  date  causes 
decisions  to  change  the  magnitude  or  allocation  of  project  resources 
(manpower,  facilities,  equipment,  priorities).  As  these  resources  are 
employed,  they  are  assumed  to  produce  the  progress  that  is  reported  during 
the  project.  These  reports  are  processed  through  a  PERT -type  evaluation 
and  forecasting  system  to  create  the  projected  completion  time. 

But  the  design  of  a  management  control  system  based  on  such  a  set 
of  assumptions  is  doomed  to  failure,  since  sane  of  the  most  vital  aspects 
of  the  real  system  have  been  excluded  from  the  underlying  analysis.  For 
example,  the  lack  of  tangible,  precise  measurement  sources  is  entirely  ^ 
ignored.  Yet  these  factors  contribute  much  of  the  error  between  the  real 
situation  in  the  project  (its  true  scope  and  actual  progress  to  date)  and 
that  which  is  apparent  to  those  doing  the  engineering  work. 

Another  part  of  the  real  system  which  appears  to  be  ignored  by  current 
R  and  D  control  system  designers  is  the  human  element  in  the  project  actions 
and  decisions.  The  attitudes  and  motivations  of  the  engineers  and  managers, 
their  knowledge  of  the  schedules  and  current  estimates  in  the  project,  the 
believed  penalty-reward  structure  of  the  organization  —  all  affect  the 
progress  and  problems  that  are  reported  upward  in  the  organization.  Fur- 
thermore, these  same  factors  even  affect  the  rate  of  real  progress  toward 
project  objectives.  All  systems  of  measurement  and  evaluation  (in  R  and 
D,  manufacturing,  government,  universities,  or  what -have -you)  create  in- 
centives and  pressures  for  certain  actions.  These  interact  with  the  goals 
and  character  of  individuals  and  institutions  to  produce  decisions,  actions, 
and  their  results.  For  example,  a  system  which  compares  "actual  to  budgeted 


expenditures"  creates  an  incentive  to  increase  budgets,  regardless  of 
need,  and  to  hold  down  expenditures,  regardless  of  progress;  one  which 
checks  "proportion  of  budget  spent"  creates  pressures  on  the  manager  or 
engineer  to  be  sure  he  spends  the  money,  whether  or  not  on  something 
useful.  The  presence  of  such  factors  in  research  and  development  ought 
to  be  recognized  in  the  design  of  systems  for  R  and  D  control., 

Adding  these  two  additional  sources  of  system  behavior  to  the  earlier 
diagram  produces  the  more  complete  representation  of  a  research  and  devel- 
opment system  that  is  pictured  in  Figure  9»  But  even  this  is  an  incomplete 
representation  of  the  complex  system  which  interrelates  the  characteristics 
of  the  product,  the  custcmer,  and  the  R  and  D  organization.  A  proper 
characterization  of  research  and  development  projects  must  take  into  ac- 
count the  continuous  dynamic  system  of  activities  that  creates  project- 
life  cycles o  Such  a  system  will  include  not  just  the  scheduled  and  ac- 
cumulated effort,  costs,  and  accomplishments .  Rather,  it  will  encompass 
the  full  range  of  policies  and  parameters  that  carry  a  research  and  devel- 
opment project  from  initial  perception  of  potential  need  for  the  product 
to  final  completion  of  the  development  program,,  The  fundamental  R  and  D 
project  system  is  shown  in  Figure  10,  from  which  we  have  developed  an 
Industrial  Dynamics  model  of  research  and  development  project  dynarn 

Some  of  the  results  of  simulation  studies  of  this  model  are  of  par- 
ticular interest  to  designers  of  management  control  systems „  They  demon- 
strate the  importance  of  taking  cognizance  of  the  complete  system  structure 
in  attempting  to  create  and  implement  methods  of  system  control <»  For 
example,  one  series  of  simulations  of  the  general  project  model  was  con- 
ducted in  which  only  the  scheduled  project  duration  was  changed  in  the 


Figure  9=  More  Complete  Representation  of  R  and  D  System 
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Figure  10.  Dynamic  System  Underlying  R  and  D  Projects 


various  runs.  Within  the  model  the  effort  allocation  process  attempts  to 
complete  the  project  during  this  scheduled  period .  However,  the  actual 
completion  dates  of  the  projects  seem  only  remotely  responsive  to  the 
changes  in  desired  completion  time. 

Figure  11  demonstrates  the  nature  of  this  response,  using  the  data 
of  four  model  simulations.  The  horizontal  axis  i3  an  index  of  the  sched- 
uled project  duration  as  a  percentage  of  the  maximum  schedule  used;  the 
vertical  axis  shows  actual  completion  time  in  a  similar  percentile  manner* 
If  changes  in  schedule  produced  corresponding  changes  in  actual  completion 
dates,  the  curve  of  results  would  have  followed  the  diagonal  "perfect 
response"  line;  that  is,  a  50  percent  reduction  in  scheduled  duration 
should  produce  a  50  percent  reduction  in  actual  duration,  if  control  is 
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Figure  11.  Scheduled  vs.  Actual  Project  Durations 


perfect .  But  the  actual  response  is  far  from  perfect;  a  50  percent  sched- 
ule change  effects  only  a  25  percent  actual  change.  And  at  the  extreme, 
the  actual  change  is  even  in  the  opposite  direction,  taking  longer  to 
complete  the  urgent  crash  project  because  of  the  resulting  organizational 
confusion  and  inefficiencies.  Of  course ,  this  response  curve  does  not 
present  the  data  on  the  manpower  instability,  total  project  cost,  and 
customer  satisfaction  changes  that  also  accompany  shifts  in  the  project 
schedule. 

Seme  of  the  implications  of  Figure  11  are  more  clearly  presented  by 
the  next  curve.  Here  the  slippage  in  project  schedule  is  plotted  as  a 
function  of  the  scheduled  duration,  the  points  on  the  curve  coming  from 
the  project  model  simulations.  A  completion  time  slippage  of  242  percent 
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Figure  12.  Schedule  Slippage  as  a  Function  of  Schedule 

of  schedule  was  incurred  in  the  crash  project,  with  a  rapid  decrease  in 
this  percentage  completion  date  overrun  as  the  schedule  is  dragged  out. 
When  the  project  is  slowed  too  much,  the  slippage  increases  again  as  lack 
of  enthusiasm  induces  further  stretch-out  during  the  project  life. 

The  principal  point  made  by  these  two  illustrations  is  that  many 
factors  other  than  desired  schedule  determine  the  resultant  actual  schedule 
of  research  and  development  projects.  Control  systems  for  R  and  D  which 
resort  to  schedule  and  effort  rate  control  without  full,  understanding  Qf 
the  system  structure  of  projects  are,  bound  to  be  ineffective.  The  current 
PERT -based  project  control  systems  seem  guilty  of  this  error  in  design 
philosophy o  In  fact,  many  aspects  of  our  government  contracting  program 


conceived  p< 

..aiting  (i,e=,  greater  willingness  to  invest  company  funds 
contract  receipt)  and  higher  bidding  integrity  b 

act  in  the  best  interests  of  the  government  customer  of  research  and 
velopment.  However,  our  simulation  studies  show  that  neither  policy  is 
in  the  short-term  best  interests  of  the  R  and  D  companies,  under  existing 
government  regulations  and  practices,  Thus  the  contracting  policies,  a 
government  control  system  for  R  and  D  procurement,  act  to  the  detri* 

of  national  objectives  by  inducing  company  behavior  which  produces  unsat- 

2 
isfaetory  project  outcomes . 

The  proper  design  of  research  and  development  control  systems,  for 

both  company  and  customer,  should  take  into  account  three  things: 

source  of  interna],  action,  information,  and  control  in  a  project  i3  the 

individual  engineer;  measurement  and  evaluation  schemes  and  the  internal 

penalty-reward  structure  must  be  designed  with  him  in  mind;   (2)  the  total 

results  of  research  and  development  projects  are  created  by  a  comp 

dynamic  system  of  activities,  which  interrelates  the  characteristics  of 

the  product,  the  customer,  and  the  R  and  D  firm;  control  systems  which 

ignore  vital  as         .ese  flows  cannot  sueceed;  (3)  institutional 

objectives  of  R  and  D  companies  (profits,  growth,  stability)  can  bo 

aligned  with  the  objectives  of  government  customers;  procurement  policies 


2 
A  general  theory  of  research  and  development  project  behavior , 
a  model  of  the  theory,  and  extensive  simulation  studies  of  parameters  and 

es  influencing  R  and  D  outcomes  are  reported  in  the  author3 s  book, 
The  Dynamics  of  Research  and  Development,  to  be  published  later  this  year* 


constitute  the  35 

ment. 

Systems  Sreatiijg.  New  Management  Erobjygns 

The  two  control  system  areas  discussed  above  were  intended  to  demon- 
strate that  many  management  control  systems  are  designed  in  a  mann<: 
makes  them  inadequate  to  cope  with  the  underlying  problems .  In  each 
example,  however,  certain  aspects  of  the  systems  were  described  which 
actually  aggravated  the  existing  problems .  In  the  Sprague  case,  the 
inventory  control  system  amplified  sales  changes  to  create  wider  swings 
in  production  and  employment  than  actually  existed  in  orders  received 
from  the  customers o  Our  discussion  of  research  and  development  project 
control  indicated  that  government  contracting  policies  often  create  re- 
sulting behavior  that  is  contrary  to  the  government's  own  interests. 
Other  examples  can  be  presented  which  have  similar  effects:  the  attempt 
to  achieve  management  control  leads  to  situations  in  which  initial  diffi- 
culties are  amplified  or  significant  new  problems  are  created . 

Problems  of  Logistics  Control 

One  apparent  Instance  of  this  type  occurs  in  the  Air  Force  Hi-Value 
Logistic  System.  This  inventory  control  system  was  developed  over  a  long 
period  of  time  at  great  government  expense  by  some  of  the  nation's  most 
sophisticated  control  aystem  designers.  The  Hi -Value  System  is  int€ 
to  provide  conservative  initial  procurement  and  meticulous  Individ 
item  management  during  the  complete  logistic  cycle  of  all  high-cost  Air 
Force  material.  Yet  an  Industrial  Dynamics  study  of  this  system  by  a 
member  of  the  M.I.T.  Executive  Development  Program  concluded  that  the 


system  behavior  can  result  in  periodic  overstatement  of  requiremen 
excess  procurement  and/or  unnecessary  repair  of  material,  followed  by 
reactions  at  the  opposite  extreme P    These  fluctuations  produce  undesirable 
oscillations  in  the  repair  and  procurement  work  loads  and  in  the  required 
manpower  at  Air  Force  installations,  supply  and  repair  depots.  The  study 
recommended  changes  in  policy  and  information  usage  that  tend  to  stabilize 
the  procurement  system  behavior. 

Quality  Control  Systems 

A  commonly  utilized  management  control  system  has  as  its  purpose  the 
control  of  manufacturing  output  quality.  The  feedback  system  apparent  to 
the  designers  of  such  quality  control  systems  is  pictured  in  Figure  15„ 
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Figure  13.  Theoretical  Quality  Control  System 

Component  parts  are  produced  by  a  process  that  has  a  certain  expected 
quality  or  reliability  characteristic.  The  parts  are  inspected  for  flaws 


;Max  K.  Kennedy,  "An  Analysis  of  the  Air  Force  Hi-Valu  Logistic 
System;  An  Industrial  Dynamics  Study"  (unpublished  S.M.  thesis,  M.I. To 
School  of  Industrial  Management,  1962). 


and  rejects  discarded  or  reworked.  Statistically-designed  control  charts 
determine  when  the  production  process  is  out  of  control,  and  reports  are 
fed  back  to  production  to  correct  the  problem  sources* 

The  effectiveness  of  such  quality  control  systems  becomes  question- 
able when  we  view  the  performance  curves  generated  by  a  typical  system. 
Figure  14  plots  component  production  rate  and  inspection  reject  rate  over 
a  period  of  two  years.  Wide  periodic  swings  in  reject  rate  produce  viola- 
tions of  the  control  system  tolerance  limits  which  cause  machine  adjustments 
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Figure  H.  Quality  Control  System  Performance 


in  production  and  temporarily  lower  production  rates.,  But  what  causes 
the  oscillations  in  the  reject  rate?  Its  periodic  nature  suggests  seasonal 
fluctuations  in  production  quality,  often  strangely  encountered  in  many 
manufacturing  plants.  The  manager  has  almost  no  way  of  checking  the 


validity  of  such  an  assumption.  Therefore,  since  the  explanation  seems 
reasonable,  it  would  probably  be  accepted  under  most  circumstances . 

This  situation  illustrates  one  of  the  key  problems  in  quality  control 
— the  lack  of  an  objective  confirming  source  of  information,  Y/e  are  in 
a  more  favorable  position  to  understand  the  phenomenon  however,  since 
the  results  were  produced  by  a  computer  simulation,.  The  surprising  fact 
is  that  the  actual  production  quality  was  held  constant,  without  even 
random  variations,  throughout  the  two  years  of  the  run*  This  means  that 
the  oscillations  of  reject  rate  and  production  shown  in  Figure  14  are  not 
responses  to  outside  changes,  but  rather  are  internally  created  by  the 
behavioral  system. 

Let  us  examine  a  more  complete  picture  of  the  total  factory  system, 
as  shown  in  the  next  diagram.  Components  are  produced,  then  inspected, 
rejects  being  discarded.  The  accepted  components  are  forwarded  to  an 
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Figure  15.  More  Complete  Representation  of  Quality  Control  System 


assembly  operation,  where  they  enter  into  the  manufacture  of  complete 
units o  In  an  electronics  plant,  for  example,  the  component  production 
and  inspection  might  correspond  to  a  grid  manufacturing  operation,  with 
the  assembly  operation  putting  together  complete  electronic  tubes.  When 
the  tube  is  put  through  a  life  test,  tube  failure  and  the  source  of  failure 
are  far  more  obvious  than  are  the  grid  imperfections  during  the  component 
inspect ion o  Should  too  many  imperfections  get  through  component  inspec- 
tion, eventual  tube  failure  rate  will  produce  complaints  by  the  assembly 
manager  to  the  quality  control  manager.  As  these  complaints  continue  to 
build,  the  quality  control  manager  puts  pressure  on  his  inspectors  to  be 
more  careful  and  detect  more  of  the  poor  grids.  In  response  to  this 
pressure,  the  inspectors  reject  far  more  grids.  Without  an  objective 
measure  of  grid  quality,  the  reject  rate  tends  to  be  a  function  of  sub- 
jective standards  and  inspection  care.  Under  pressure  from  the  manager., 
the  inspectors  will  reject  any  grid  which  seems  at  all  dubious,  including 
many  which  are  actually  of  acceptable  quality.  As  the  rejects  rise,  fewer 
poor  grids  enter  the  assembly  process,  thus  causing  fewer  tube  failures 
in  test.  The  assembly  manager's  complaints  drop  off  and5  in  fact,  soon 
switch  to  a  concern  for  getting  more  grids  for  his  assembly  operation. 
Without  pressure  from  the  quality  control  manager  and  with  count erpressure 
to  get  more  grids  to  the  assembly  operation,  the  grid  rlnspeetors  tend  to 
slacken  gradually  their  care  and  their  reject  standards,  Eventually,  the 
number  of  rejectable  grids  getting  into  the  tube  assembly  creates  the 
problem  of  tube  failures  again,  and  the  cycle  repeats.  Given  normal 
delays  in  such  a  process,  the  entire  cycle  takes  on  a  seasonal  appearance „ 
Thus,,  a  system  intended  to  assure  control  of  product  quality  actually 


creates  serious  fluctuations  of  rejects,  component  production,  and  tube 
failures,  all  attributed  to  unknown  factors  "out  of  our  control1' » 

The  consequences  of  such  a  situation  are  even  more  serious  when  the 
inspection  output  is  distributed  to  eventual  customers  through  the  normal 
multi-stage  distribution  system.,  In  this  case  the  customer  complaints 
and  store  returns  also  affect  sales.  These  influences  combine  after  a 
long  delay  to  produce  significant  top  management  pressure  on  the  quality 


Figure  16.  Total  Quality  Control  System 


control  manager  in  reflection  of  a  situation  which  existed  many  months 
before o  In  both  Figures  15  and  16,   the  quality  control  manager's  response 
is  a  key  to  system  behavior .  Here  the  manager  of  the  formal  quality  control 


system  is  himself  the  most  important  aspect  of  the  total  system  of  quality 
and  production  control- 

IVo  Seme  Principles  of  Management  Control  System  Design 

The  examples  discussed  represent  a  wide  range  of  management  control 
systems c  Study  of  these  applications  produces  some  general  principles  of 
management  control  system  design. 

A.  The  key  to  effective  control  often  lies  outside  the  boundaries 
°f  conventional  operational  control  systems;  in  fact,  it  is  sometimes 
outside  the  formal  boundaries  of  the  company  organization. 

Too  many  organizations  give  up  altogether  too  soon  the  battle 
for  mastering  a  management  problem  caused  by  factors  apparently  "out 
of  our  control".  The  cyclic  swings  in  customer  orders  in  the 
production-inventory  case,  government  changes  in  project  funding  of 
research  and  development,  seasonal  variations  of  product  reject  rate 
in  the  quality  control  problem  are  all  examples  of  such  factors.  Yet 
in  each  case  successful  control  system  management  rests  within  the 
access  of  company  policy* 

In  the  Sprague  case  the  system  requiring  control  included  the 
ordering  decisions  of  the  customer,  certainly  not  part  of  Sprague 3s 
formal  organization.  But  the  basis  for  system  control  exists  in  th* 
stabilization  of  the  input  to  the  customer  decision,  the  component 
delivery  delay.  Again,  project  success  in  R  and  D  is  strongly  influ- 
enced by  company  integrity  and  risk-taking.  Yet  customer,  not  com- 
pany, policy  can  be  redesigned  to  achieve  desirable  company  behavior u 
And  the  key  to  quality  control  involves  recognition  of  the  total 


system  of  product  flow  to  assembly  (or  to  customers 
feedback  of  complaints  and  pressures. 

The  boundaries  of  a  management  control  system  design  study  must 
SSi  be.  ftrawn  to,  conform  with  organizational  structure  merely  because 
of  that  structure.  System  boundaries  cannot  ignore  vital  feedback 
channels  for  information  and  action  if  the  system  is  to  be  effective. 

B,  The  proper  design  of  management  control  systems  often  requires 
inclusion  of  the  effects  of  intangibles;  in  particular,  the  role  of 
decision  makers  who  are  part  of  the  total  system  of  control  must  be 
treated  carefully. 

Control  system  designers  who  are  working  with  computers  often 
have  as  their  end  product  a  computer  model  for  calculating  (or  search- 
ing for)  an  optimal  control  decision.  Yet  while  being  willing  to 
model  a  decision  for  a  machine,  they  seem  unwilling  to  include  in 
their  3'fcudies  any  models  of  man — of  human  decision-making  within  the 
control  loops.  In  the  production-inventory  control  case,  the  model- 
ing of  aggregate  customer  decision -makers  is  a  vital  part  of  the 
system.  Our  second  example  emphasized  that  a  properly  designed  R 
and  D  control  system  should  be  based  on  models  of  engineer  and  manager 
decision-making  in  both  the  company  and  customer  organisations. 
Finally,  we  observed  that  the  decision-making  and  responses  of  both 
managers  and  inspectors  are  crucial  aspects  of  the  quality  control 
case. 

These  illustrations  emphasize  the  usual  failure  to  recognize 
and  cope  with  the  nature  of  human  response  in  organizations.  The 
decision-makers,  single  or  aggregated — their  motivations,  attitudes, 


pressures,  models  of  response— must  be  included  in  management  control 
system  design.  The  man,  (and  manager)  is  part  of  the  system  of  control, 
and  management  control  system  design  must  be  viewed  as  a  form  of.  man- 
machine  system  design. 

C.  A  true  understanding  of  total  system  basis  and  system  behavior 
can  permit  effective  design  of  both  operational  control  systems  and 
top  management  policy,  without  differences  in  philosophy  or  methodology 
of  approach*  In  fact,  most  significant  control  system  applications 
inherently  require  supra-functional  or  multi-departmental  organization. 

In  the  Sprague  case,  for  example,  successful  control  involved 
consideration  of  such  aspects  as  customer  service  (marketing),  inven- 
tory and  production  rate  (manufacturing),  and  employment  policies 
(personnel ).  Thus  what  often  gets  treated  as  a  middle-management 
problem  becomes  resolvable  only  at  the  top  policy -making  level  of 
the  firm,,  The  important  elements  in  research  and  development  tend 
not  to  be  middle-management  concerns  for  schedules,  but  rather  top 
management  policy  affecting  investment  planning,  customer  relations, 
and  company-wide  attitudes.  Management  control  systems  can  therefore 
seek  to  achieve  the  major  goals  of  the  organization  as  a  whole,  and 
not  just  the  sub-optimizing  aims  of  individual  segments,  A  great 
present  hazard,  in  fact,  is  the  common  planning  and  programming  of 
control  systems  at  the  wrong  level  of  the  company,  by  people  who 
lack  total  system  perspectives  and  the  authority  to  achieve  broad 
system  integration,. 

The  Industrial  Dynamics  program  has  demonstrated  the  possibilities 
of  examining  and  treating  system  problems  of  great  variety  and  scope 


of  complexity,  V/e  have  dealt  isith  many  situations  in  which  stabili- 
zation was  needed  and  more  recently  with  other  cases  in  which  balanced 
growth  was  the  objective  of  the  policy  design  efforts.  The  potential 
advantages  to  companies  who  pioneer  in  this  work  are  significant  and 
may  become  the  basis  of  our  future  industrial  competitiono  In  this 

regard,  it  seems  fitting  to  close  with  the  implied  advice  of  the 

v 
Japanese  scholar  who  said:  "When  your  opponent  is  at  the  point  of 

striking  you,  let  your  mind  be  fixed  on  his  sword  and  you  are  no 

longer  free  to  master  your  own  movements,  for  you  are  then  controlled 

by  him," 


**Takawan,  as  quoted  by  Charles  Ho  Townes,  "Useful  Knowledge 
Technology  Review.  January,  196j,  p.  36. 
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